Abstract. The aim of the present study was to investigate β2-microglobulin (β2-M) expression in normal oral mucosa and progressive oral squamous cell carcinoma (OSCC) and to assess the clinical significance of β2-microglobulin expression. The study included 10 cases of normal oral mucosa epithelium specimens, 55 cases of primary OSCC specimens, and 25 cases of OSCC metastasis specimens. Immunohistochemistry was used to determine β2-M expression, and its correlation with clinicopathological factors in progressive OSCC was evaluated. Immunohistochemistry showed that strong β2-M expression was significantly asscociated with tumor size (T3, T4 vs. T1, T2; P=0.001), positive node status (N positive vs. N negative; P= 0.000) and advanced clinical stage (Ⅲ, Ⅳ vs. Ⅰ, Ⅱ, P= 0.000) in primary OSCC lesions. Compared to primary OSCC lesions, the frequency of β2-M expression was significantly increased in metastatic OSCC lesions (P= 0.02). In addition, in vitro results from Western blotting showed increased β2-M expression in the two OSCC lines studied. Therefore, we speculate that the up-regulation of β2-M expression may contribute to the oncogenesis of human oral mucosa, tumor invasion and metastasis.
Introduction
Oral squamous cell carcinoma (OSCC) is the sixth most common cancer in the world (1) . Postoperative quality of life for patients with OSCC has improved in recent years (2) . However, the 5-year survival rate has not improved significantly. Furthermore, 30-40% of patients without evidence of nodal disease at resection eventually die from metastatic spread (3) . The identification of biomarkers for evaluating the progression of OSCC is therefore urgent.
It has been suggested that β2-microglobulin (β2-M) expression in tissues may be involved in OSCC progression and metastasis (4) . β2-M is a non-glycosylated protein with a molecular mass of 11,800 Da and is synthesized by all nucleated cells (5) . It is present on the surface of all nucleated cells except for red blood cells (6) . β2-M forms the β chain of the major histocompatibility complex (MHC) class I molecule [also known as human leukocyte antigens (HLAs) in humans] and has a 7-stranded β-pleated structure, which is believed to function in antigen presentation to cytotoxic (CD8 + ) T lymphocytes (7) . Upon recognition of foreign peptide antigens on cell surfaces, T cells actively bind and lyse antigen-presenting cancer cells. In β2-M-deficient mice, antibody (Ab) responses are defective, and natural killer (NK) cells with increased sensitivity attack cells lacking the MHC class I molecule (8, 9) . In addition to the roles in immunity, the level of β2-M is associated with proliferation, apoptosis and metastasis in several cancer types (10, 11) , and is a predictor of survival in patients with certain types of cancer (12) . β2-M was found to promote the growth of human renal cell carcinoma through the activation of the protein kinase A, cyclic AMP-responsive element-binding protein, and vascular endothelial growth factor axis (11) . Overexpression of β2-M in human prostate cancer cell lines leads to inhibition of tumor growth in vivo and using the β2-M Ab to interrupt β2-M signaling in human prostate cancer cell lines inhibits cancer cell growth and induces cell apoptosis (13) .
The aim of this study was to investigate β2-M expression in normal oral mucosa and progressive OSCC and to assess the clinical significance of β2-M expression. Fisher's exact test were used to evaluate the correlation between the clinicopathological variables and the β2-M staining score using SPSS software v13.0 (SPSS Inc., USA). Differences in the β2-M staining score between primary OSCC samples and metastatic OSCC samples were also analyzed using the Chi-square test. A P-value <0.05 was considered to denote significant difference.
Results

Expression of β2-M in primary cultured NHOKs and HIOECs and the OSCC cell lines.
We compared the expression levels of β2-M in NHOKs and HIOECs and in the two OSCC cancer cell lines (OSC and CAL27) by Western blotting. NHOKs were isolated and cultured as described (14) . HIOECs were established by overexpression of HPV16 E6 and E7 protein (14) . Western blot analysis revealed that β2-M protein expression was increased in the OSC and CAL27 cells compared to the NHOKs and HIOECs (Fig. 1) .
Expression of β2-M in normal oral mucosa epithelial and OSCC tissue specimens. We performed immunohistochemical staining using normal oral mucosa and OSCC tissue (Fig. 2A) . Most of the OSCC (88%) tissue sections showed distinct homogeneous (Fig. 2B ) or heterogeneous staining (Fig. 2C) , mainly in the cytoplasm and cytoplasmic membrane of tumor epithelial cells. However, in a few primary OSCC tissues, no staining or staining with weak intensity for β2-M was noted in the cytoplasm and cytoplasmic membrane of tumor epithelial cells (Fig. 2D) . Compared with normal oral mucosa specimens, the frequency of β2-M expression was significantly increased in OSCC (P= 0.031) ( Table III) .
Association of β2-M expression with various clinicopathological features in primary OSCC tissues.
Of the 50 primary OSCC samples, 26 (52%) exhibited a homogeneous distribution of β2-M staining, and 15 (30%) exhibited a heterogeneous distribution within the OSCC cells, while 9 (18%) were negative for β2-M staining (Table IV) . Of the 23 patients classified as T1, T2 in 50 primary OSCC cases, 9 (39.1%) showed heterogenous staining and 8 (34.8%) showed negative staining, while only 6 (26.1%) exhibited homogeneous staining. In contrast, of the 27 patients classified as T3, T4, 20 (74.1%) presented with homogeneous staining, whereas only 6 (22.2%) showed heterogenous staining and 1 (3.7%) showed negative staining. Compared with primary OSCC of T1, T2 stage, the intensity of β2-M expression was significantly increased in the primary OSCC specimens of T3, T4. Up-regulation of β2-M expression was also associated with lymph node invasion of OSCC. β2-M expression was significantly increased in N-positive patients compared to N-negative patients (82.8 vs. 9.5%, P= 0.000). Regarding clinical stage, in highly malignant stages (Ⅲ, Ⅳ) 67.6% of samples showed homogeneous staining whereas in low malignant stages (Ⅰ, Ⅱ), only 1% of samples showed homogeneous staining. These data suggest that the staining scores for β2-M were significantly associated with large tumor size (T3, T4 vs. T1, T2, P=0.001), positive nodal status (N-positive vs. N-negative, P= 0.000), and advanced clinic stage (Ⅲ, Ⅳ vs. Ⅰ, Ⅱ, P= 0.000) (Table IV) . In contrast, there were no correlations between β2-M expression and gender, age, smoking and alcohol consumption, and pathologic grade.
Up-regulation of β2-M expression in OSCC tissues correlates with tumor metastasis.
Intensity of β2-M staining in OSCC metastatic lesions was significantly stronger than that in the primary OSCC lesions (Fig. 3) . Ninenty-two percent of metastatic lesions exhibited a homogeneous distribution of β2-M expression while 52% of primary OSCC lesions exhibited homogeneous staining for β2-M (P=0.027) ( Table V) .
Discussion
In the present study, β2-M expression in OSCC lesions was evaluated and correlated with tumor progression and metastasis in OSCC patients. The results showed that β2-M expression was up-regulated in OSCC cell lines and OSCC lesions, and was associated with OSCC progression, invasion and metastasis. Consistent with our results, it was previously found that the suppression of β2-M expression using small interfering RNA (siRNA) was sufficient to decrease cell migration and invasion in vitro (4) . The results of our and other research studies (4) , indicate that OSCC lesions should be included in the spectrum of tumors with increased levels of β2-M expression.
Recent studies have used a wide range of experimental approaches to assess the mitogenic role of β2-M in malignancies. (17) (18) (19) . These studies have provided strong evidence to show that β2-M acts similarly to a prototypical oncogenic factor capable of stimulating growth and progression of various types of cancers, including breast cancer (17) , prostate cancer (18), lung cancer (19) , gastrointestinal (20) , nasopharyngeal cancers (21), multiple myeloma (22) , and particularly, lymphocytic malignancies (23) , such as non-Hodgkin's lymphoma and multiple myeloma. Similar studies have also reported that β2-M is a growth-promoting factor contributing to the growth and progression of renal cell carcinoma (24, 25) .
However, previous studies have shown that β2-M/MHC class I can serve as important signal-transducing molecules in regulating tumor immunity and progression (26) . Increased susceptibility to tumor formation was noted in β2-M geneknockout mice, which suggests potential regulation of cancer growth by β2-M (26) . Loss of β2-M expression is clinically important as it has been described in various patient-derived tumor cells, such as in melanomas (27) and cervical carcinoma (28) . The possible explanation is that β2-M is expressed at a constant level on the cell surface. When expression of the β2-M molecule is below a normal level, defects in the β2-M/ MHC class I signaling pathway may result in tumor immune escape. When expression of the β2-M molecule is higher than normal, β2-M promotes tumorigenesis and metastasis as an oncogene.
In some cancers, immunohistochemical evidence suggests that absence of functional (β2-M-associated) HLA class I molecules may be due to a mutational loss of β2-M (29) ; and in other cancers, a decreased level or the loss of β2-M in tumor cells was found due to the loss of the β2-M locus, or promoter methylation (30, 31) . Under these conditions, loss of β2-M prevents the synthesis of wild-type β2-M protein, which may lead to alterations in MHC class I surface expression. In our study, was not observed loss of β2-M in the OSCC lesions. In contrast, levels of β2-M expression were up-regulated in progressive OSCC lesions. The balance of β2-M expression at the cell surface was disturbal, which contributed to human cancer growth. Therefore, β2-M has a wider function than just a housekeeping gene or the role on stabilization and presentation of MHC class I molecular in cells.
Recently, marked antitumor activity has been observed by down-regulation of β2-M levels using either sequence-specific siRNA or antibodies in cases of both solid tumors and blood malignancies (13) . In prostate cancer and renal cancer, growth inhibition of tumors was observed when patients were treated with anti-β2-M polyclonal or monoclonal antibodies (32) , and in myeloma and other hematological malignancies, tumor cell apopotosis was observed using monoclonal β2-M Ab and sequence-specific siRNA to β2-M (33) . Thus, β2-M, as an oncogenic factor in various cancer types, appears to be an excellent new target for interrupting human cancer growth. In our study, the association of β2-M expression with progression and metastasis of OSCC lesions was statistically significant. Whether we can inhibit OSCC progression, invasion or migration by using a similar anti-β2-M polyclonal or monoclonal antibody needs further study. Table V . Profile of β2-microglobulin antigen expression in primary oral squamous cell carcinoma and metastases. Table IV . Association of β2-microglobulin antigen expression with clinicopathological characteristics in primary OSCC lesions. The percentage of immunoreactive cells in the entire lesion was evaluated microscopically and scored according to the method described by Kageshita et al (16) : homogeneous, >75% cells stained in the entire lesion; heterogeneous, 25-75% cells stained; negative, <25% cells stained.
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